A 11 ld finishing study evaluated animal growth and carcass characteristics using 138 steers (366 kg) in a randomized complete block design with a 2 x 3 factorial arrangement of treatments. The dietary treatments consisted of no supplemental fat or 3.5% tallow or soybean oil soapstock (SS) fed with .6% and .9% dietary Ca. Fat increased DMI (P e .05) but interacted with Ca level (P .05) for gain/feed and ADG. All diets containing fat or .9% Ca were converted more efficiently to gain than the .6% Ca, no supplemental fat diet (P < .05). The .9% Ca interacted with fat source to decrease gain (P < .05) and tended to decrease efficiency in the tallow diet but improved efficiency (P < .05) and tended to improve gain in the no-fat diet. In the SS diet, .9% Ca had no effect on ADG, DMI, or efficiency of gain. Fat addition increased backfat (P .lo) and interacted with Ca on hot carcass weight, final weight, and dressing percentage (P < .05). Feeding fat increased the proportion of 18:O (P c .02) and decreased the proportion of 16:l fatty acids (P < .M) in intermuscular fat. A replicated 3 x 3 Latin square design, using six Holstein steers (349 kg) fed three diets, with no supplemental fat or 3.5% SS or tallow with 1.0% Ca, was used to explore the effects of fat sources when fed with high Ca on digestion and metabolism.
digestibility are not a major concern in finishing diets, fat products containing modexate to high levels of free fatty acids might be used more effectively if negative effects on ruminal bacteria were suppressed. Two trials were designed 1) to determine the efficacy of feeding two types of fat with two levels of Ca in beef cattle finishing diets and the effects on fatty acid profiles of blood, muscle, and adipose tissue and 2) to assess the effects of fat type when fed with supplemental Ca on metabolism, diet digestion, and blood fatty acid profiles.
Materials and Methods
Finishing Trial. This study, conducted at the Southwest Branch Experiment Station in Garden City, Kansas began on June 1, 1988. One hundred thirty-eight medium-framed yearling crossbred steers of mixed breeding were blocked by weight and assigned randomly to a 2 x 3 factorial arrangement of treatments in a randomized complete block design with four pens per treatment and five to six steers per pen. Pen dimensions were 4.3 m x 7.4 m with automatic waters located near the feedbunk and shared by two pens. The heaviest group averaged 388 kg B W the lightest group averaged 337 kg. The treatments combined no supplemental fat, 3.5% tallow, or 3.5% soybean oil soapstock (SS) with .6% and .9% Ca. The .5% (actual analysis .6%) level of Ca was chosen to fulfill the Ca requirement (.41% according to NRC, 1984) and .9% was a higher level that would not depress intake (Brink et al., 1984) . All diets met or exceeded the minimum requirements for CP, Ca, and P as described for medium-framed yearling steers (NRC, 1984) . Soapstock is a by-product of edible oil refining. Its fatty acid composition is very similar to that of the original oil but it is much higher in nonesterified fatty acids (83.6% unsaturated, 50% free fatty acids); the tallow is 47% unsaturated, containing 15% free fatty acids. The Ca source was ultrafiie (2325 mesh) limestone6, with a higher solubility than normal feedgrade limestone. Wheat-based diets were chosen to facilitate an optimally low ruminal pH. The steers had been grazing wheat pasture on ranches around Dodge City, Kansas, from which they were purchased. Steers were processed 1 d after arrival, which consisted of ear tagging; vaccination for blackleg and malignant edema, infectious bovine rhinotracheitis with parainfluenza-3 (modified live), and bovine virus diarrhea; implanted with 24 mg estradiol; and treating with anthelmintic and grubicide. Decoquinate7 at 180 mg/d, vitamin A at 40,OOO IU/d, and vitamin E at 200 lU/d were included in the receiving diet (25% concentrate, 75% roughage) for 10 d. The trial began (d 0) with weighing the steers and increasing the diet to 50% concentrate for 7 d, then to 72% concentrate (with 2% added fat in designated treatment diets) for 4 d, and finally to 85% concentrate ( Table 1) . Steers were fed once daily from a truck-mounted mixer-feeder.
Starting and ending weights were the averages of two consecutive early-morning weights. Final weights were calculated using hot carcass weight divided by dressing percentage (.62) to compute ADG. The steers were weighed at 2 8 6 intervals until slaughter (111 d). Steers were weighed at 0700 and fed upon returning to pens. Jugular blood was obtained by venipuncture from two steers per pen (eight animals/treatment) at weighing on d 0,28,56, and 111 of the trial and centrifuged at 2,200 x g for 15 min to obtain serum. Blood was placed on ice immediately after sampling, then kept at 4'C for 48 h or less until it was centrifuged. The same steers were sampled throughout, Serum Ca was measured using .5 ml serum and 9.5 ml .5% La (wt/vol) in 3 N HCl solution on an atomic absorption spectrophotomete8. Total lipids were extracted according to Folch et al. (1957) , and LCFA were methylated with 1 ml of 14% (wt/vol) BF3-methanol; the composition was measured on a gas chromatograph according to methods described by Bitman et al. (1984) . The steers were slaughtered at a commercial packing plant. The carcasses were electrically stimulated and chilled for 24 h at 2'C before evaluation of USDA quality and yield grades by a federal grader. University personnel measured fat over the ribeye (or backfat) at three-fourths the distance from the chine bone and estimated kidney, pelvic, and heart fat. Livers were scored for the presence and severity of abscesses. The animals that were sampled for blood were also measured for In the metabolism trial, suppleanen1 contained ground wheat, NaCI, MHqSO4, KCI, Cr2O3, mineral oil, trace miner&, and vitamins A, D, and E.
mgkg, respectively.
kontained 65% corn steep liqnor, 30% cane molasses, and 5% whey.
%mestone was added to basal diets in finishing trial to increase. Ca from .60% to .go%.
ribeye area using a USDA ribeye grid, and a single 2.5-cm steak was cut from the 12th rib loin section. The entire longissimus muscle was removed from the steak (except for a l c m outside border), and a sample of intermuscular fat was frozen in liquid N, homogenized frozen using a Virtis 459, and kept at -20°C until lyophilization and analysis of LCFA composition by the method of Sukhija and Palmquist (1988) . Data were analyzed as a randomized complete block design with a 2 x 3 factorial arrangement of treatments using pen as the experimental unit. The model included fat, Ca, and their interaction as treatment effects, with weight as a blocking factor (Cochran and Cox, 1957) . When interactions were not significant (P > .lo), the df associated with fat were further partitioned using orthogonal contrasts. When interactions were present, means were separated by least significant difference. Statistical analyses were performed using the GLM procedure (SAS, 1985)
with P < .10 as the accepted level of significance.
Metabolism Trial. Six Holstein steers, aver-
aging 349 kg BW, were prepared with permanent plastisol cannulas in the rumen, duodenum (15 cm posterior to the pylorus), and ileum (30 cm anterior to the ileal-cecal junction) and used in a replicated 3 x 3 Latin square design experiment. Duodenal and ileal cannulas were placed while animals were under general anesthesia using halothane. Ruminal cannulas were inserted using local anesthesia. Dietary treatments (Table 1) were randomized according to procedures described by Cochran and Cox (1957) and consisted of a control (no supplemental fat), 3.5% dietary SS, or 3.5% tallow, all with 1.0% dietary Ca. Fat sources were identical to those used in the finishing trial. The fatty acid profiles of the total diets are shown in Table 2 . The diets with the added fat contained approximately twice as much total LCFA (mg/g of sample). Saturated to unsaturated ratios were nearly identical between the control and tallow diets (approximately 4357, respectively); however, these diets differed considerably in proportions of 12:0, 18:0, and 18:l fatty acids. The diet containing SS was considerably higher in unsaturated fatty acids, having a saturated: unsaturated ratio of 27572.5, primarily because of the larger amounts of 18:2. Fecal bags were used to make total fecal collections. Bags were weighed, emptied, and rinsed clean after collection, and a 10% subsample was taken once daily (24 h collections). Each subsample was frozen and composited within steer after the collection period, then a representative sample was taken, freeze dried, and ground through a l-mm screen in a Cycloted0 mill. Four duodenal and ileal digesta samples (200 g) were taken every 3 h each day, with each day's collection offset by 1 h so that a sample was taken every hour in a 12-h period. The pH of every sample was recorded immediately using a combination electrode. One milliliter of 10 M NaOH was added to duodenal samples, and .3 ml was '%eator, Inc., Hemdon, VA. %hatman 4, Whatman International La., Maidstone, '2Model RFA 300, Alpkem, Clackamas, OR.
UK.
added to ileal samples to arrest enzymatic activity for storage. Each day, a composite of 150 g from each sampling hour was frozen. After the collection period, duodenal and ileal samples were cornposited by steer, then a representative sample was taken, freeze-dried, and ground through a Cyclotec mill. Diets, feces, and intestinal digesta samples were analyzed for DM by drying a .5-to 1.0-g sample to a constant weight using a 1 W C oven, for OM by ashing a .5-to 1.0-g sample in a muffle furnace for 8 h at 5WC, for Cr by the method of Williams et al. (1962) , for starch by the method of Macrae and Armstrong (1968) with glucose determined by the glucose oxidase procedure (Gochman and Schmitz, 1972) . and for LCFA by the method of Sukhija and Palmquist (1988) . Insoluble fatty acid salts (IFAS) were measured on ruminal and fecal samples as those fatty acids remaining in the sample after three extractions with a 1:l mixture of ether and acetone (Jenkins and Palmquist, 1982) .
Total Ca and P were determined using a .5-g sample that had been ashed in a muffle furnace at 5 W C for 8 h and dissolved in 10 ml of 6 N HC1 and heated on a hot plate until the acid began to boil. The sample was removed from the hot plate and filtered through filter paper'l, then the crucible and filter paper were rinsed three times each with distilled water, and the sample was brought to 250 ml volume. Calcium concentration was then measured by atomic absorption spectrophotometry, and P concentration was measured on an autoanalyzer12 using the ammonium molybdate procedure.
On d 19 of sampling, the steers were intraruminally dosed with 4 g Co-EDTA (dissolved in 200 ml of water) as a fluid marker. The Co-EDTA was prepared according to the procedure of Uden et al. (1980) . Ruminal fluid samples were taken before dosing and every 3 h after dosing until 24 h elapsed using a suction strainer that filtered ruminal fluid particles >1.2 mm. The pH of each sample was measured immediately using a combination electrode and recorded, and the samples were then partially processed before freezing; 8 ml of ruminal fluid with 2 ml of 25% metaphosphoric acid was frozen for VFA and 20 ml of ruminal fluid was frozen for Co analysis. Samples were then thawed and centrifuged at 30,000 x g for 20 min, the supernatant fluid was analyzed using gas ~hromatography~~ and atomic absorption spectrophotometry (Kreikemeier et al., 1990) . Ruminal volume, liquid dilution rate, and mean retention time of the liquid fraction were calculated by plotting the Ln of declining Co concentrations with time. Ruminal, intestinal, and total tract digestion were calculated by the Cr ratio technique (Schneider and Flatt, 1975) , with Cr intake adjusted for Cr recovered in feces during the 5-d total fecal collection.
On the final day of sampling, a jugular blood sample was taken at approximately 1200, placed immediately on ice after sampling, then kept at 4'C for 48 h or less until centrifuging at 2,200 x g for serum. Serum Ca and LCFA were measured as previously described in the finishing trial. A 1-kg sample of total ruminal contents was taken from various locations within the rumen, mixed with 1 liter of cold 10% formalin solution (9 g NaCl and 100 ml of 37% [voVvol] formaldehyde per liter) to preserve the bacteria, then frozen. Later, the samples were thawed and blended at high speed for 1 min in a large blender. A 500-g subsample was taken, freeze-dried, ground through a 1-mm screen using a Cyclotec mill, and analyzed for LCFA and IFAS content. The remaining ruminal contents were strained through two layers of cheesecloth. The strained ruminal fluid was then centrifuged at 150 x g for 10 min to remove protozoa and feed particles. The supernatant fluid was decanted and centrifuged at 30,000 x g for 15 min to sediment bacteria. The supernatant fluid was decanted and discarded. The bacterial pellets were then resuspended in water using a glass rod with a rubber tip and centrifuged again at 30,000 x g. This washing was repeated two more times, and the bacterial pellets were then freeze-dried, ground, and composited by treatments for analysis of LCFA composition as described above and for purine content as outlined by Zinn and Owens (1986) . Kjeldahl N of the feed, duodenal digesta, and bacteria was analyzed on duplicate samples (triplicate for bacteria) by standard procedures (AOAC, 1984) . Microbial protein synthesis was calculated from the bacterial purine:N ratio and duodenal purine flow. Data were analyzed as a replicated Latin square design (Cochran and Cox, 1957) using the GLM procedure (SAS, 1985) . One steer had an impoperly placed duodenal cannula. Those duodenal sample data were not included in the analyses; thus, least squares means are reported.
The model included square, animal(square), period(square), and treatment. Sums of squares were further partitioned with orthogonal contrasts to compare the no supplemental fat with fat treatments and also to compare the two fat sources. Time and time by treatment were added to the model for analyzing VFA using a split-plot analysis. Animal x period x treatment was the specified whole-plot error term and sampling time was the sub-plot main effect. There were no interactions (P > .lo) between treatment and time. Treatment differences were treated as significant if P < .lo.
Results
Finishing Trial. Steer gains, intake, or gain/ feed ratios (feed efficiency) were not affected by fat addition during the first 28 d (Table 3) ; however, .9% Ca decreased ADG (P < .08).
From d 29 to 56, steers fed .9% Ca with the soapstock or the .6% Ca tallow diets increased feed intake compared with animals consuming the .9% Ca diet not containing fat (P < .05).
From d 57 to 84, Ca affected gains differently within the different fat sources, increasing gains in the SS diets and decreasing gains in the tallow diets. During the fiial period (d 85 to 111). fat increased ADG (P < .05), DMI, and efficiency of gain (P < .07). The overall (0 to 11 1 d) effect of fat was to increase DMI (P c .05). The .9% Ca interacted with fat source to decrease gain (P < .OS) and tended to decrease efficiency in the tallow diet but improved efficiency (P c .05) and tended to increase gain in the no supplemental fat diet. In the SS diet, the .9% Ca had no effect on ADG, DMI, or efficiency of gain.
Fat source and Ca interacted on hot carcass weight, final weight, and dressing percentage (Table 4) . Including fat in the diet increased the amount of subcutaneous fat or backfat on the animal, as would be expected by the increased energy intake. Ribeye area, yield grade, marbling score, liver score, and kidney, pelvic, and heart fat (data for latter two not reported) were not affected by feeding fat and(or) .9% Ca.
Animals fed fat had lower (P < .06) percentages of 16:l LCFA but higher (P < .02) percentages of 18:O in the intermuscular fat (Table 5) . Dietary fat source and(or) .9% Ca b a t effect (P e .on.
did not affect any of the other LCFA or percentage of saturated or unsaturated fatty acids measured in the intermuscular fat.
Calcium decreased (P < .08) the total concentration of fatty acids in the intermuscular fat. Treatment did not affect the LCFA composition of the longissimus muscle.
The serum LCFA profiles taken on the final day of the finishing study (111 d) are presented in Table 5 . Feeding fat decreased (P < .OS) the percentages of 14:O LCFA on the final day of the finishing trial ( Table 5) . Calcium at the .9% level decreased (P e .05) the percentage of 18:O and, therefore, the percentage of saturated LCFA observed in the serum. The proportions of other serum LCFA were not different among treatments. Serum Ca was not different between treatments.
Metabolism Trial. No differences in molar percentages or concentration of total VFA were measured (Table 6 ). RuminaI pH was higher (P < .lo) when steers were fed fat and was higher (P = .lo) when steers were fed SS compared with when they were fed tallow. Duodenal and ileal pH, ruminal liquid volume or flow rates were unaffected by treatment; however, when steers were fed fat, ruminal liquid retention times were 22% shorter (P < .05) and turnover rates were faster (P < .05).
Dry matter intake was not different between treatments ("able 7). Starch and N intake were lower and fatty acid intake, ruminal LCFA, and ruminal IFAS were higher in the diets containing fat (P < .lo). 'pat x ca interaction (P < .MI.
b a t effect (P < .lo).
k~m~r e d on eight steasmtment (two steers/pen), n = 4 (pen as the experimental unit).
'small = 200 to 300.
the rumen for all treatments. Net synthesis of LCFA was lower (P < .05, measured as percentage of LCFA intake) in the rumen and total tract of steers fed fat than in the rumen and total tract of those not fed fat. Net ruminal synthesis of LCFA was lower (P < .lo, measured as a percentage of LCFA intake) when the steers were fed tallow than when steers were fed SS. The latter steers had the lowest digestibilities of insoluble salts, folIowed by those on the tallow diet, but digestibility nearly doubled for steers on the no supplemental fat diet.
Feeding fat tended (P = .11) to decrease bacterial N flowing to the duodenum (Table 7) . Treatment did not affect nonbacterial N or total N measured at the duodenum. Values were similar between the two fat sources. Moderate amounts of 16:O and 18:l LCFA and extremely large amounts of 18:O (particularly for the no fat and SS diets) were apparently synthesized in the rumen (Table 8) . At least 50% or more of 18:2 and 18:3 disappeared in the rumen and more than 90% of 12:O was used. The majority of LCFA that were either produced or not metabolized in the rumen disappeared in the small intestine. Disappearance in the small intestine ranged from 54 to 89% for all fatty acids measured, when calculated as a percentage of LCFA entering the small intestine. Composition of serum LCFA for steers used in the metabolism trial was similar to composition of those for steers in the finishing trial (Table 9 ). In general, when steers were fed fat they had lower percentages of 14:0, 16: 0, and 16:l. Compared with steers fed tallow, the animals fed SS had lower proportions of 16:0, 161. and 18:l but much higher proportions of 18:2. When steers were fed the SS diets they had the highest proportion of unsaturated fatty acids and when not fed fat they had the lowest; proportions of unsaturated fatty acids were intermediate when the steers were fed tallow. Serum Ca concentration was not different between treatments.
Calcium and P digesta flows and digestibilities were determined but are not presented in tabular form. They were both unaffected by dietary treatment. Average apparent digestibilities in the rumen, small intestine, large intestine, and total tract were 28.4, 7.3, -7.2, and 27.3 for Ca and -37.2, 80.8, -12.2, and 40.5 for P, respectively, all reported as a percentage of intake. )'Means, measured on eight steedtreatment, n = 4 @en as the experimmtal unit). %at effect (P = .M). 'Fat effect (P < .05).
%a effect (P = .OS).
eCa effect (P < .m).
Discussion
In terms of overall performance, adding fat or supplemental Ca improved feed utilization compared with the .6% Ca no-fat diet (Table  3) . These results are consistent with past research using 280% concentrate diets (Ca: Zinn and Owens, 1980; Turgeon et al., 1982; Steele et al., 1983; fat: Brethour et al., 1986; Brandt et al., 1988a.b; Zinn, 1989a) . Higher levels of Ca, supplied by limestone, have been shown to increase ruminal or small intestinal starch digestion (Zinn and Owens, 1980; Goetsch and Owens, 1984; Brink and Steele, 1985) . Because wheat-based diets were used, a buffering effect from Ca might have been the cause of the improved performance of the nonfat diet. Brink et al. (1984) reported results from five experiments with limestone added at .8 vs 1.7% of the DM in highcorn diets (80 to 85%) that contained either various ratios of dry corn (whole or rolled) or high-moisture corn. The 1.7% level of limestone did not affect gain, DMI, or efficiency in the three experiments using dry corn and in one of the experiments using high-moisture corn. However, in the other experiment using high-moisture corn (Brink et al., 1984) , steers fed the 1.7% level of limestone were more efficient (P = .02) than those fed the 3% level.
Improved gain and feed utilization when feeding fat have been related to its increased energy density. Feeding additional Ca with tallow decreased ADG by 9.6%, whereas Ca improved ADG approximately 6% through improved feed utilization or intake of the no supplemental fat and SS diets. This decreased ADG was due to the combined nonsignificant decreases in DMI. Fat increased DMI in this study. A reduction in feed intake when fat is fed has been the common result in past research (Brent et al., 1971; Hatch et al., 1972; Zinn, 1985; Cole and Hutcheson, 1987; Brandt et al., 1988a) . The critical factor of the intake effect in this study is the type of grain fed (i.e., wheat). In several trials by Brethour et al. (1986) and a study by Brandt (1988b) , fat increased the feeding value of wheat (in 50 or 100% wheat diets) by consistently increasing DMI. Brandt (1988b) found that adding fat increased ADG by an average of 1 1 % (1.40 vs 1.25 kg/d) whether wheat was dry-rolled or steam-flaked. Steam-flaking wheat and adding fat produced additive increases in ADG compared with dry-rolled wheat. Although the metabolism study in that research used dryrolled wheat and the finishing study used steam-flaked wheat, Brandt et al. (1988b) indicated that the response to fat was simiIar for both forms of wheat. However, steamflaking compared with dry-rolling often results in better performance when feeding wheat .04 .82 aMeans, n = 6. bAll diets contained 1.0% DM as Ca. (Brandt et al., 1987) by altering ruminal fermentability, specifically by decreasing the rate of starch digestion (Kreikemeier et al., 1990) .
Altering tissue LCFA composition by feeding fat is much more difficult in ruminants than in nonruminants; however, significant but s m a l l changes have been shown by numerous researchers (Faichney et al., 1972; Dryden and Marchello, 1973 ; G a r r e t t et al., 1976; Rule and Beitz, 1986) . In the present study, the increase in proportion of 18:O and decrease in 16:l of animals fed fat is reflective of dietary changes ( Table 5) . Duodenal contents when steers were fed fat in the metabolism trial contained 48% 18:0, compared with 36% when steers were not fed fat (P < .02) and .61% 16:l compared with 1.13% (P < .Ol), respectively. How Ca decreased the concentration of LCFA in the fat tissue is not known. A possible explanation is an overall reduced absorption of LCFA because of increased amounts of insoluble, undigested fatty acid salts. However, this does not explain how Ca affected the concentration of LCFA (Table 5 ) in the intermuscular fat but not the total amount of fat (subcutaneous fat or backfat, Table 3 ).
The lower levels of serum 18:O in animals fed the Ca-supplemented diets (Table 5) Palmquist et al. (1986) have shown that supplemental Ca did not affect salt formation. The lower amounts of 18:O caused the percentages of saturated and unsaturated LCFA to be affected also by the .9% level of Ca. The s e m profiles of the steers used in the metabolism study reflected differences strictly related to fat preswce and source. When the steers were fed fat, serum profiles contained higher proportions of unsaturated LCFA (Table 9). The differences between the steers when fed SS and tallow are reflective of dietary profiles, except for 18:0, which was greatly affected by ruminal bacterial production. The lack of difference in molar percentages of VFA agrees with the data of Esplin et al. (1963) , Riley and Newby (1978) , and Grummer (1988) . The analyzed level of 1.2% added LCFA may have been too low to substantially (Table 2) affect VFA. However, the majority of the other data suggests that it was adequate to affect ruminal fat metabolism. In contrast, feeding fat has more frequently caused decreased acetate:propionate ratios Boggs et al., 1987; Zinn 1989b) .
Possibly the high level of Ca (1.0%) acted to alleviate effects on fermentation, as suggested by Brooks et al. (1954) , who added alfalfa ash to a 90% cottonseed hull diet. However, the tendency for decreased bacterial N and decreased ruminal synthesis of LCFA (Table  7) when steers were fed fat suggests that the bacteria were affected by fat addition. Total numbers of protozoa were reduced ( I ' < .OS) in the steers fed fat in the finishing trial reported by Towne et al. (1990) .
The increase in ruminal pH from fat consumption is best explained by the increased ruminal liquid turnover rates and decreased retention time when steers were fed fat ( Table  6 ). The increased dilution rates when steers were fed fat did not result in increased feed or total N entering the duodenum. This increased xuminal pH when feeding fat may have importance relative to maintaining a more optimum rumen environment. However, how the high levels of Ca, grain type (wheat), or other factors may be related is unknown. The literature in this area is also limited Boggs et al. (1987) reported that feeding 7.6% tallow in a 75% ground corn diet decreased ruminal In spite of an increased liquid dilution rate, the lack of effect of fat on site and extent of DM and starch digestibility (Table 7) is similar to results of other research (Esplin et al., 1963; Hatch et al., 1972; McAllan et al., 1983; Drackley et al., 1985; Zinn, 1988 Zinn, , 1989b . Boggs et al. (1987) and Zinn (1989b) reported decreased total tract OM and(or) DM digestion in diets containing fat. This was due to decreased ruminal OM digestion, which was attributed partially to depressed A D F digestion in the fat-containing diets, according to Zinn (1989a,b) . In the research by Boggs et al. (1983, dietary Ca levels were low (<.30%) and possibly not adequate to alleviate the negative effects of fat on fiber digestion. However, in the trial by Z i (1989b), Ca levels were quite adequate (.9%).
Results for LCFA digestibility (Table 7 ) agree closely with those of Zinn (1988 Zinn ( , 1989b . The difference in apparent ruminal synthesis between SS and tallow may be related to ruminal pH. As ruminal pH declines, bacteria become more sensitive to the toxic effect of LCFA (Galbraith and Miller, 1973) . It was interesting that the percentages of LCFA in the bacteria for the control, SS, and tallow diets were 10.2, 18.3, and 12.9, respectively. Uptake, adsorption, and, possibly, synthesis of LCFA were much greater in the bacteria from the SS diets. Although IFAS (as percentage of fatty acids present) were not affected by treatment (data not shown) in the rumen, duodenum (avg 46.3%), or ileum (avg 79.6%), the percentage of IFAS or soaps remaining in the feces was higher for the steers when fed fat (70.5, 79.7 and 81.9% for control, SS, and tallow diets, respectively) and made up a higher proportion of LCFA excreted. One possible confounding effect was the addition of NaOH to the duodenal and ileal samples. This may have influenced the proportion of IFAS measured in these samples. The increase in fecal IFAS is consistent with many other studies ( Esplin et al., 1963; Dryden et al., 1974; Drackley et al., 1985) . This concurs with the lower IFAS digestibilities when the steers were fed fat. In general, LCFA that were synthesized in the rumen were utilized in the small intestine. The large amounts of 18:O produced were probably from bacterial cells (containing 50%) and to a lesser extent from saturation of dietary 18:1, 18:2, and 18:3 LCFA. The increased LCFA also might have been from endogenous sources, such as sloughed r~minal epithelium, saliva, or gastric juices (Sutton et al., 1970) . The general pattern observed in this study is that when steers were fed tallow they synthesized and digested fewer LCFA than when steers were fed SS. Also, when steers were fed fat they had a lower percentage of ruminal and small intestinal digestion for the majority of the LCFA. Small In summary, increasing dietary Ca levels to .9% in wheat-based finishing diets did not seem to improve the feeding value of added fat. However, it did improve gain/feed ratios when fat was not included in the 85% wheat diets. Fat source interacted differently with Ca level and seemed to do so in the rumen, primarily through decreased LCFA synthesis. Rumen kinetics were affected by feeding fat but did not alter DM or starch digestion or fermentation profiles in wheat-based finishing diets.
Implications
Increasing dietary Ca levels from .6 to .9% in wheat-based finishing diets did not increase the feeding value of added fat; in fact, it caused a decrease in weight gains of steers fed tallow. Adding 3.5% fat or Ca to .9% (dry matter basis) or both to a 85% steam-rolled wheat finishing diet increased gain/feed ratios by 9.8%. Average daily gain and dry matter intake were also increased by adding fat to 85% wheat f~s h i n g diets. Adding 3.5% fat did not affect dry matter or starch digestibility.
